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WIND-TUNNEL INVESTIGATION OF 20-PERCENT-CHORD
PLAIN AND FRISE AILERONS ON AN NACA 23012 AIRFOIL
- By ¥. M. Rogallo and Paul E. Purser

SUMMARY

. An investigatlion of several modifications of 20~
percent-chord plaln and Frise allerons on an NACA 23012
alrfoll was made ln the HACA 7- by 10-foot wlind tunnel,

The statlc rolling, yawing, a2nd hinge momente were deter-
mined and are herein presented for several angles of attack.
The condlitlions under whiloh alleron oscillation occurred

were also determined.

The tests 1ndicated that the oscillation of the Frise
alleron was the result of an abrupt breakaway of the flow
at the lower surface of the mlleron nose when the alleron
was deflected to some angle between ~10° and -200, the
particular angle varying with the shape of the aileron
and wlth the angle of attack of the alrfoil. The flow
breakaway was accompanied by a rapid increase in the hinge
moment and, 1in genceral, by a decrease 1n the rolllng mo-
ment, The tendency to osclllatoe was reduced or elimlnatoed
whon a bulge or a nosoe slat was added to the lower surface
of the alloron. The nose slat, moroover, incroasod the
effoctivoe deflcctlon range of the alleron.

The alleron-control characteristics were computed for,
a pursult alrplene with several of the alleron arrangew
ments and with -three assumed alleron llnkages, The re-
sulte presented l1llustrate the effects of varlation of ail-
leron floating tendency and of differential linkage and
support the contention that proper ad justment of floating
tendency by means of tabs, bulges, springs, or other de-
vices, together with a sultable choice of d4iffo rential
linkage, offere a promlsing means of improving the control-
force characteristlos.

Internally balanced sealed allerons with largor
amounts of balance than the allerons tested are consldered
promlging,



INTRODUCTION

The NACA hae undertaken en extenslive investigation of
lateral-control devices for the purpose of developlng now
devl ces and of supplylng mnoro design data on devices pro-
viously dcveloped.

A large amount of data has been publlished by the NACA
on varlous arrangements of plalm ailerons, but comparative-
ly little has been published on Frise allerons (references
1, 2, and 3). The greater part of the data avallable on
Frise allerons cen be found in the Reports and Memoranda
of the)British Aeronautical Research Committee (references
4 to 9).

The investigation of this report was made primarily
in an attempt to determine by means of wind-tunnel tests
what modifications would be necessary to prevent the vio-
lent osclllations inherent 1In the Frise allerons of a re-
cently developed fighter alrplane. The Frise allerons
tested were therefore desligned to slimulate the sllerons of
a particular alrplane. They are not representative of all
Frise allerons because, as stated in referencsa 3 and veri-
fled in the present lnvestligatlion, the shaps of Frise ail-
lerons greatly affects thelr characterlistics, The modlfl-
cations made to the alleron during the investigation wers,
1n gereral, modifieations that could easlly be made on
the exlisting alrplane. Testsof a plaln sealed aileron
without balance were ineluded for comparison.

APPARATUS AND HETHODS

Tests were made 1n the NACA 7- by 10-~foot closed-
throat wind tunnel (rcferernce 10) at an air speed of eabout
40 miles per hour, correspondlng to a test Reynolds num-
ber of approximately 1,440,000, Some of the tests wero
repeated at an air speed of about 80 miles per hour, cor-
respondling to a test Reynolds nunber of approximately
2,880,000, The test set-up i1s shown schomatically in fig-
ure 1., The various 0.20c allerons (fig. 2) wero installed
on the outboard 0,37 b/2 of the 4- by 8-foot NACA 23012
alrfoll.

The airfoll was suspendod horigontally 1a thc wind
tunnel with thoe inboard end attached to tho tunml wall to




slmulate the somlspan of a l6-foot wing. Tho attachmgnt
at the wall rostralnod the alrfoil in pitch but not in °
roll or yaw. The forcos nocossary to restraln the out~ .
board ond of tho airfoll woro mecasured by tho rogular bal-
enco systom, The rolling moments wore computed from tho
difforonco 1n the voertical roemsctions at tho outboard end
with the alleron neutral and in tho reactlons with the al-
loron defloctoed; .tho yawing momonts wore simllarly com-
puted from the horizontal reagtlions. The 11ft coeffl-
clents of the nirfoil in the tunnel were computed from

the vertical outboard reaction wlth the mileron held at
neutral and under the assunption that the lateral ocenter
of pressure of the semispan was 0.45 b/2 from the plane of
symmnotry., '

The aileron was manunlly operated by a crank outelde.
the tunnel near tho inboard end of the wing, and the hinge
momonts were computod from tho twilst of a callbrnted torque
rod connecting tho cronk nnd the ailoron, All the aller-
ons woere approxinatoly balanceod statlcally oand o relativo-
1y llnber torque rod was used in order that any tondency
of thoe allerons to osclllate night bo easlly noticod. Bo-
cause the capaclty of the torque rod wns nocossarily limit-
ed, 1t was 1lmposelblo to obtaln all of the hinge monents
in tosts thoat woro nado at 80 mnilos por hour, Whon the
hinge nomonts becanc too largo for thoe capaclty of tho
torquo rod, tho rolling and the yawing nonents were deter-
nined wilth the alleron locked at the various deflections
by neons of a enall clanp at the alleron,

RESULTS AND DISCUSSION
Coefficlents

The results of the tests aré presented in figures 3
to 10 as curves of rolling-, yawing-, and hinge-—nonent co-
efficlents plotted ogeinst alleron deflection at several
nngles of attack for each aileron, The deflections at
wvhich the varlous allerons began to oscillate are noted dy
arrows on the appropriste hinge-noment coefficlent curves.

The synbols used in presenting the rosults ares

€, 1lift coefficlent (L/qS) ‘ ' )

C,' rolling-nonent coefficlent (L'/qhS)



Cp,' yawlng-nponont coefflclent {H'/qbS)

Cp alleron hinge-nonent coefficlent (Hg/qSgcy)

c wlng chord

Cq alleron chord emasured along alrfoll chord line fron
hinge axls of allsron to tralllng edge of airfoll

b twlce span of senlspan model

S twice area of serlspan 2odel

Sg ealleron area behind hinge line

L twice 11ft on senlispan nodel

Lt rolling 20oment about wind axis

nt yawlng nonent about wlind axis

Ha alleron hinge nionent about hinge axis

q dynarmic prossure of alr strean (% p v2)

o engle of sttaclk of airfoll in tunnel

8g alloron deflection, mosltive whon tralling edge 1s

town

8g nose slat deflectlion, positive vhen tralling edge 1s
down

G, rate of change of rolling-noneant coefflclent cl'

P with helix angle pb/2V
Fy etlck force
SB stick angle
R differential-crank length

& positive value of L' or OC3' corresponds to a de
crease 1z 11ft on the nodel, and a positive value of K!
or Cpn! corresponds to an lncrease 1a drag on the modsel.

Twlce the actual 11ft, area, and span of the nodel were
uged 1n tke reduction of tho results because the nodel




ropresented half of a conploto wlng, as has beon previously
statoed. No corroctions have been mnade to the data for the

effect of the tunnel walle. .Although such corrections nay

be relatlvely large for thils setwup, the data on the varl-

ous nodifications are comparable,

Wind~Tunnel Data

Plain sealed alleron without baslance.-~ The aerodynanlyg
characterlatios of the plaln sealed aileron wlthout balancd
are shown in figure 3. Thls alleron had falrly large -
hinge-nonent-curve slopes (d0y/d8,) and an upfloating
tendency that increased with angle of attack. ¥No oascillaw-
tlon of the alleron was notloed during the tests.

Plain ailleron with 0,336c, balance.- The aerodynanic

characteristics of the plain alleron vith a 0,326cy syn-
netrlcel nose balance, sealed, unsealed, and with two ar-
rangonents of covor plates, aro shown ln figuro 4. The
characterlatics of tho unsvaled allsron wlth only tho top
cover plate in placo (fig. 4(a)) wore very little differ-
ont froo thoso of the plain.soalod ailoron wlthout balence
oxcept for tho oxpoctoed roductlion in Lingo-noanont-curvo
slopo. The sane alloron with e shoot-rubber soal (fig.
4(b)) was nmoroc effoctive but hnd about the sane hinge-
nonent characterlistlice as the unsealed alleron, probadly
because tho senl was attached sllghtly beirilnd the alleron
nose,

The addltlon of the bottom cover plate to the alrfoll
with the bBalanced saaled alleron (fig. 4(c)) had conpara-
tively little effect on the hinge-noneat coefficients dut
produced an unexplalned decrease in the effectiveness of
the alleron. The only osclllation notlced in the tests of
the plaln balanced alleron was a slight osclllation at g°
angle of nttack at an alleron deflection of -27.5°. (See
fig. 4(a).) Allerons of thile type but with larger anounts
of balance are considered pronlsing, ond a systenatic in-
vestlgantion of thelr characterlistlcs 1s reconnended.

Frieo alloron with 0.326cp balance.~ The aorodynanic
~charactorietics of tho Friso milorom wita 0,326¢c, balance
aro shewn in figure 5, The unsoalod Frise ailoron (fig.

6(a)) wes loss offective at a low angle of attack and
slightly nioro offectivo at a high angle of pttack than the
unsealod plain ailoron (fig., 4(a)). The Friso alloron had




an upfloating tendoney and a vory snall hingo-nonont—gurve
slogo ot low dofloctions, but at high dofloctions (10" and
«20°) tho @ifforcncos 1n hingo-nozont coofficlonte woro as
larco as thoso of the plain ailorons. Tho snall hingo-
noncnt—-curvo slopos ot low dofloctlons noy bo a coantridbut—
ing factor to control-~froo latoral 1lnstadlllty.

Conparison of tho results of figuros 5(a) and 5(D)
gshowa the scale offact on the ckaracteristlics of the Frise
nlleron, The incrensed sneed incrensed the effectiveness
of the alleron at nll angles of attack.

The nddition of o sheet-rubber serl at the nose of the
Frise alleron (fig. 5(c)) increased the rolling-moment ef-
fectliveness of the aileron. The locatlon of the seal (at
alleron nose instead of on upper surface near slot 1lip)
decreased the effectiveness of the balancoc, probably be-
caunge tho soeal preverted the prossures on the wing lower
surface and ahoad of tko alleron from actlng on top of the
alleron nose. The seal also changed the upfloatling tend-
ency to a downfloating tondoncy. It is thouzht that a
soal near the upper surface of thoe alrfoll would lncrease
the rollling mouent without roducing the effoctlive balance.

The eddltion of a tralling-edge tab, deflected ~15°,
to tke Frise aileron with 0.325cg balance (fig. 5(d)) had
sonevhat the same effect on the characteristics of the Al-
leron as did the addition of the seal, partly because of
the lncreased size of the alleron, Thls lncrease in sigze
was not consldered in the computation of the hlnge-monent
coefflcionte, The aileron with the tadb, however, was not
qulte so effective as the alleron with tho seal,

Nelther the increase in speed nor the addlition of the
seal or tab had nuch effect on thoe oscillatory tendenclos
of the Frise alloron with 0,326c, balanco. This ailcron
osclllatod rather violontly a2t deflections ranging fron
-16°% to ~25°, dopending on tho angle of attack., It 1s ap-
parent from theso data and from unpublishoed rosults of
flight tosts of two different installatlions of Frise ai-
lorons that the prosonco ¢f oscillatlon, and the alloron
doflectlion at which it occurs, 1ls dopendont oa the partice
ular installation (skape, surface finish, rigldity of tho
systen, cte,). In some installations, Friso allerons de-
floctod upward ncarly 20° havo shown no apparoent tondoncy
to osclllate., It 1is not gonoerally considerocd advisable,
howover, to pecrmlt such largo dofloctions for this type of
alloron,




A study of tho data and an obgervation of tufts lo-
cated on tho lower surface of tho alleron made 1t apparent
that tho oscillation of tho alloron was not what 1s gonor-
ally calloed aileron fluttor. With the airfoil at an angle
of attack of 8° tho aileron was deflected to ~17° dbofore
the flow bogan to broek awany from the alleron lower sur-
face; below thils angle (~17") the hinge moments were small.
At deflections of -17 to ~20° the hinge moment increased
rapldly and at «~20° the flow had conpletely broken ‘away
from the lower aurface of the glleron. The elasticity of
the torgue rod allowed the large hlnge moment occurring at

8, = =200 to return the alleron to a deflection of -15°

where the flow became snooth and the hinge nonent becanme
snall; here the spring effect of the torque rod aganln de-~
flected the alleron to -20° and once agalin the flow Dbroke
awny and the large hinge noneant decreased tke alleron de-
flectlon. Thilcg procesgs continued untlil the elleron was
noved to a differont anglo by the crank, Both portions of
the hinge-nonment-coofflicient curve had stable slopes and,
slnce the tufte showed that the brenk in the curve was a
stalling phenonenon, the actual varlatlon of the hinge-
nonent coefflclent during the oscillatlon ls probadbly that
indicated by the arrows in figure 6,

The Frise aileron with 0.,326cg balance was then
equipped with a 0.0lc lower-surface bulge (fig. 7) to pre-—
vent flow separatlon at the alleron nose by increasing
the radlus of curvature. The srne purpose could probabdly
have beon accomplished by cutting away part of the origil-
nal aslleron nose. The bulge slightly l1ncreased the rollinge
nonent effectiveness of the aileron and decroased the hinge-
nonent-curve slope at high deflections but produced an un-
stable hinge-nonent-curve slope in part of the negatlive
deflectlon range. The bulge also caused the upfloating
tendency of the alleron to change to a downfloating tend-
ency at low angles of attack, Thils change in floating
tondonecy wlill tend to lncrease the stick forces when & con-
ventional differentisl systen.1s used and could probadly
be counteractod by an addltlonal bulge on the upper surface
of the alleron near the tralling edge or by a forward novew-
neat of the point of naxinun thickness of the lower sur-
face dulge.

No osclllatory tendencios wore noticed in the tests of
the alleron with the bulge.

Frise alleron with 0.278cg falance.— The aerodynanlc
characteristics of the Frlse alleron with 0.278c, balance




are shown in figure 8, This alleron (fig. 8(a)) had a
greater hinge~nonent-curve slope than the Frisc alleron
with O0.326c, balence, as was expected. The change 1in the
anount of balance had little effect on the osclllatory
tondencles of the alleron.

The addltion of the 0,0lc lower-surface bulgo (fig.
8(b)) had approxinately the sane effect on the Frise al-
leron with 0.278c, belance as it had on thoe Frise alleron

with the larger balance, The bulge gave the alleron a
downfloatling tendency, decreasod the hingo-noilent-curve
slope, and apvarently ellnlnated the osclllatory tendencles
of the aileron. The addltlion of a sheooet-~rubbor soal at the
noso of the alleron with the bdbulgo (fig. 8(c)) slightly in-
croasod the rolling-—no=mont effoctiveness of the ailoron

but nltered the hinge~nomnont charactorlstics surprisingly
littlo rolatlve to the large offect shown ln Figuro 5.

Tho seal did not caango the osclllatory tondoncies of the
alleron,

Frise aileron with 0.293¢, balarcs.- Two tests (fig.
9) were nrde of a Frise aileron with a O. 298¢, telance of
a square, unconventlonal shape. Tae upper surTace of the
nose rennined wlthlin the wing contour at deflectlions up to
-20° It was tkhought that thls modiflication night decrense
the oscillatory tendencles of the alleroa. Iustead, the
alleron wans less effective, had larger hinge-nonent cosffi.
cionts than the alloron with the 0.278¢c, bPalance, and

st1ll oscillated at &, = -12,5°., {(See fig. 9.)

Friso alleron with O.278ca balarce and a nose slab .-

The aerodynanic characterlistics of the Prise alleron wlth
0.278c, balance and a nose slat (WACA 22 section) are

shown in figurc 10. The nose slat set at 17° (fig. 10(a))
increasod tho rolling-noacnt effoctlvenoss and balance and
reduced the oscilllatory tendencies of the alleron. In-
creasing the slat angle to 28° (fig. 10(b)) nade the al-
loeron alnost as effective as the pleln sealed alleron wilthe
out balance, reduced the hlnge-nonent coefiiclents at high
deflections, and lnproved the osclllatory tendoncles still
nore, Addding a sheetnruober seal at tho noss of the al-
leron with tho slat at 28° (fig. 10(c)) had little effect
on tho charactorlstices of the alleron except to lncroaso
the rolling-nonont offectivoness slightly at noderate do-
flectlons.,

It should be notod that the slat span was only 0,31 b/2



while the alleropn span was 0,37 b/2; a slat tho full
dlongth of the alloron would: prcbably be nore offoctlivo,
Alsgo, -slnco only two' slat arrangenants vore tosted, 1t 1s

""", probable that nelther the deé¢flectiof Hdr the position of

the slat was the optimn, . These testa 1ndicated, however,
that alata nay be very useful on cdntrol surfaces;

Application of Data
The alleron-control characteristics of o pursuit air-
plane (fig. 11) equipred with several uileron arrangenents
-with an equal up-and-down llnkage (+15 ) and a differential
linkage of the seame totnl deflection (flg. 12) have been
conputed and are prosented in figures 13 pnd 14,  For sine
Pliclty, theso leotercl—control charaotaristics wero conw
puted from tho data in figures 3, 4(b), 5(a), 5(c), 8(a),
8(b), 10{b), and 10(c) (the uncorrcctod aorodynanic char-
actorlstlics of tho ailerons) wilithout taking account of the
difforence 1n wing »lan form, Tho offocts of rolling,
noroover, have not been considored; tkoso offocts wlll bo
dlacussed lntor., 3Becoum the sasunptions ard tho nobthods
of corputotion followod noroin arc tho sano as those 1in
reforencos 11, 12, rnéd 13, tho connuted charactoristles of
tho mevernl renorts are thought to be connarabdle., The
112t coefficlent of the alrplane ot any partlcular angle
of nttack was assuned to be that of the airfoll in the
wind tunnel, this coefflclent being codnutcu as previously
dascribed undor Apvaratue end lletroods.

As wos expocted, the dantn 1n figuros 13 and 14 show
thnt tho Frise allerors, in general, had saallor stick
forces thon plaln alleroans of the snne slze for a glven
value of rolling-nonent coefficient, The plain allerons,
however, were nore effective then the ¥Frise allerons at
the sane deflectlong. The adverse (negative) yawing-

. nonent coefflclents of the two types of alleron wero about
the sono excopt near full clloron deflection, where the
Frise allorons had bettor yawing—nonont characteristics
but also had high etick Torces. .

¥With an eourl up—-and~-down deflcction the 0,15c¢ plain
-gealed alloron with 0.35¢, bnlanco of roferencoc 1l had ap-
proxinatoly tho- sano offoctlivonoss and yawlng-rnonont chare-
actorlistices as tho 0,20c Frise unsoalod alloron with °.
O.3260a balanco and had only slightly larger stick forces,
Tho plaln alloron also has in its favor tho faet thet tho
anount of sorodynanle baolonco could prodably bo increascd
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onough to glve it lowor stick forcos than those of tho
Frise alleron at full deflection without overbalanclng in
the low-deflectlon range. The fact that the alleron would
not be overbalanced in the low-deflection range would re-
duce the posslblllity of the occurrence of control-free
lateral inetabllity. The 0.l5c¢c plain aileron, noreover,
should not tend to oscillate.

At low speeds the conventional differential systen
gave lower stlick forces than the equal-doflectlon systen,
At hlgh speeds, howevor, excont at snall dofloctlons, the
two systoms gave about squal stick forcos. (Soe figs, 13

During the analysis of thoe data 1t bocane apparent
that the use of a reversed difforential (down alloron de-
flected nmore than up aileron) night be adventagoous whon
the alleron had a2 downfloating teandency. This possibllity
nay bo inferred fron the analysils of aileron-linkago sys-
tons prosonted in roferonce 1l4. Tho difforontial skown 1n
figure 12 was roversed and anpllcd to a2 Frise alleron with
and wlthout a scal (fig. 15)., Thec use of tho roversed
difforential slightly incroasod tho advorse (negative)
yawlng-nonent coofficionts, (See figs. 13(1b), 14(v), and
15.)

Figure 16 1s o conparlison of the stick forces of an
alrplane equlipped wlith the sealed Frise alleron: with three
linkagas: conventional differential, equal up-and-down,
and reversed differential, The conbingtion of downfloat-
ing tondency and reversod differoential gave a considerable
roeductlon in the hlgh-speod stick forces., An increase
in engle of attack decreascd the downfloatlng tendency of
the alleron and 1t was ostinatod froro other dota that the
soaled alloron would float up slightly at o = 15°. On
the bosls of thils estination an approxinato curve was drawn
in figure 5(c) and from this curve tkho low-spooed stick
forces (fig. 16) wore computod., At low spoed the roversed
difforontial and tho upfloatlng tondency increased tho
stlck forces. Thils increase in stick force would glvo rnore
fcol tn the stick at low spood and less variation of stick
force with epoed.

Boecause tho floating tondoncy of alleorons nay be cone
trollod by tho uso of springs, tads, or bulges and by nose
treatnont, adjustiont of floating tondency and of differon-—
tlal offers a pronlsing mneans of controlling stieck forces
and stick~force variation with spocd.
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The effects of rolling have not been consldersd in
the computed characteristlcs of figures 13 to 16. The
...characterletips. presented are those_that would exlst 1f
the alrplane were restrained in roll and yaw, as 1s generale
ly truve of a wind-tunnel nodel. An airplane actually be-
g€ing to roll alnoegt lnnedletely after the allerons are de-
flected, In order to illustrate the effect of rolling
upon the stick force required to produco a glven rolling-
nonent coefficlont, conparative curves are givon 1ln flgure
17. The so0lld linss represont thoe static condltion, in
which the airplane 1s not pormittod to roll. Thoe dbrokon
curves ropresont the condlition in which the alrplano 1s
rolling wlth a volocity such that tho rolling nonont duo
to roll ls nunorically egquel to tho rolling nonent duec to
alloron dofloction, (Soo roferonce 15 or 16,.,) The value
of Gz for the 1llustrative cirplanc was ostinatoed as

P .

0,45 fron the curvos of roferonce 15 or 16.

Tho differoncos dbotwoon the curves shown by tho solid
and tho broken lines of figuro 17 aro alnost oantirely tho
rosult of tho varlation of slloron hingo nomont with angle
of attackx. If coaparative curves sinllar to tihoso of fig-
ure 17 woro drawn for plug-typo z2lloroms (soo roferonce
13), a roduction of stlck forco at a given rolling-nonont
cocfficlont would a2lso bo shown, but for thoso anllorons
thy reductlon would bo prinarily the result of tho iIncreaso
of rollliag-nonont coofflclont with nnglo of ettack,

COKCLUSIONS

Tho oscilleatory tondency found in soxmio flight inctal-
latlone of Friso allerons waos shown by the wind-tunnol
tosts to be the rosult of an abrupt broakaway of the flow
ot tho lowor surface of tho alleoron noso when tho alleron
wes doflocted, This bronkawag occcurrod at an alloron de-
flection betwoon -10° and -207, the ailoron doflectlion
varying with tho angle of cttack of the alrioll and with
tho shapo of tho ailoron,

Whon tho flow broakaway occurred, the hinge nonent
increased rapldly and the rolling nonent usually decreased.
It appears that Frise allerons should be eo deslgned that
they will not be deflected to the angle at which breaskaway
occurs. Tke useful range of Frilge cilerons nay sonetines
be increased by the nddltion o0f a nose slat or a bulge on
the alleron lower surface,.
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Internally balanced sealed allerons with larger anounts
of balance than those tested are consldersd pronisirg, and
a systenatlec ilnvestigation of thelr characteristics is rece
onnended. .

Because the floating tendoncy of allerons nay bPe cone
trolled by the uso of springs, tads, or dbulgos and by
nosoe troatunont, adjustnent of floatinz tendonecy and of
difforontlial offers a pronising npans of controllling stlck
forces as voll as tlie varlatlon of stlck forco with spood.

Langley lenoripel Aoronautical Laborntoryr,
¥atlonal Advisory Connlttee for Acronautics,
Langloy Flold, Va,.
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